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A 2ROFILE-DRAG INVESTIGATION I N  FLIGHT ON AN 
EXPERIhiEl'TAL FIGHTER- TYPE AIRPLAIIE - 
THE HORTB A~EBICAN XP-51 
( ~ i r  C o r ~ s  S e r i a l  Wo. 41-38) .  * 
By J o h n  A. Z a l o v c i k  
A p r o f  i l e - d r a g  i n v e s t i g a t i o n  h a s  been conduc ted  i n  
f l i g h t  by t h e  Hat i o n a l  Adv i so ry  Committee f o r  A e r o n a u t i c s ,  
Langiey  F i e l d ,  Va., on a n  e x p e r i m e n t a l  f i g h t e r - t y p e  a i r -  
p l a n e ,  t h e  'SJorth American XP-51 ( d i r  Corps S e r i a l  Ho. 41- 
38j, a t  t h e  r e q u e s t  of t h e  Army A i r  Corps.  T h i s  a i r - p l a n e ,  
which w a s  p r o v i d e d  f o r  t h e  t e s t s  -oy t h e  h i a t e r i e l  3 i v i s i o n  
of t h e  Arny A i r  Corps ,  I s  equ ipped  w i t h  wings t h a t  i n c o r -  
p o r a t e  a i r f o i l  s e c t i o n s  d e s i g n e d  t o  i n c l u d e  t o  a  modera t e  
d e g r e e  t h e  d e s i g n  p r i n c i p l e s  of t h e  1TAC.A low-drag a i r f o i l  
s e c t  i o s s .  Wake-survey measurements  were  made b e h i n d  a 
r i g h t - w i n g  s e c t i o n  w i t h  a n  a i l e r o n  a t  a b o u t  1 6  i n c h e s  
o u t b o a r d  of t h e  i n b o a r d  end of t h e  a i l e r o n .  T b i s  wing 
s e c t i o n  had  a  c h o r d  of abou t  66.25 i n c h e s  and  a  maximum 
t h i c k n e s s  of abou t  1 3 . 5  p e r c e n t  a t  40 -pe rcen t  cho rd .  
P r o f i l e - d r a g  t e s t s  were made on v a r i o u s  s u r f ~ c c  con- 
d i t i o n s  f o r  v h i c h  t h e  f o l l o w i n g  r e s u l t s  were  o b t a i n e d :  
( a )  A t  a n  a i r p l a n e  l i f t  c o e f f i c i e n t  of a b o u t  0 . 1 5  
c o r r e s p o n d i n g  t o  a maximum speed  i n  l e v e l  
f l i g h t ,  a  Reynolds  number of s b o u t  1 4 , 0 0 0 , 0 0 0 ,  
and  a  Mach number of a b o u t  0 .5 ,  t h e  p r o f i l e -  
d r a g  c o e f f i c i e n t  y a s  (1) 0.0070 f o r  t h e  u n f i n -  
i s h e d  s u r f a c e ,  ( 2 )  0 . 0 0 6 3  f o r  a  f a c t o r y  f i n i s h ,  
( 3 )  0.0059 f o r  t h s  f a c t o r y  f i n i s h  m o d i f i e d  by 
s a n d i n g  t h e  edg<s  of p a i n t e d  i n s i g n i a ;  and  
( 4 )  0 . 0 0 5 3  f o r  a  smoothzn;d and  f a i r e d  s u r f a c e  
o b t a i n e d  by f i l l i n g  and  s ~ n d i n g .  
( b )  .A minimlm v a l u e  of p r o f  i l e - d r a g  c o e f f i c i e n t  of 
0 .0062  was r e a l i z e d  v i t h  t h e  smoothened and  
f a i r e d  s u r f a c e  and t h i s  a t  a  Reynolds  number 
of abou t  16 ,000 ,000  and  a l i f t  c o e f f i c i e n t  of abou t  0 . 1 0  
which c o r r e s p o n d s  t o  a  sha1lor.1 'd ive  a t  a n  i n d i c a t e d  a i r -  
speed  of 340 m i l e s  p e r  h o u r .  
INTRODUCT I OX 
1 
Over t h e  p a s t  s e v e r a l  y e a r s  a  s e r i e s  of  low-drag a i r -  
f o i l s  h a s  been  d e s i g n e d  by t h e  SACA t o  t a k e  a d v a n t a g e  of 
t g e  107 d r a g  a f f o r d e d  by e x t e n s i v e  l a m i n a r  boundary l a y e r s .  
T h i s  mas accom-pl i shed ,  i n  g e n e r a l ,  by moving t h e  p o i n t  of 
minimum p r e s s u r e  t o  a b o u t  60 o r  70 p e r c e n t  of t h e  cho rd .  
T e s t s  of t h e s e  a i r f o i l s  i n  mind t u n n e l s  and  i n  f l i g h t  h a v e  
shovn t h a t  g r o f i l e - d r a g  c o e f f i c i e n t s  of a b o u t  one-ha l f  of 
t h o s e  of c o n v e n t i o n a l  a i r f o i l s  may be  o b t a i n e d .  The major -  
i t y  of t h e s e  t e s t s ,  h o ~ e v e r ,  we re  conduc ted  on a i r f o i l  mod- 
e l s  w i t h  s u r f a c e s  made a e r o d y n a m i c a l l y  smooth and  t h e r e  i s  
s t i l l  l a r g e l y  t o  b e  d e t e r m i n e d  how much of t h e  r e d u c t i o n  
i n  g r o f i l e - d r a g  c o e f f i c i e n t  i n d i c a t e d  by t h e  t u n n e l  t e s t s  
nay ba r e a l i z e d  on f a c t  o r y - c o n s t  r u c t  zd a i m l a n e  wings in -  
c o r p o r a t  i n g  such  a i r f o i l  s s c t  i o n s .  
The re  a r e  a t  t h e  p r e s e n t  a  number of a i r p l a n e s  n h i c h  
have  w i a g s  d e s i g n e d  on t h e  b a s i s  of t h e  new low-drag p r i n -  , 
c i p l e s .  The one u s e d  i n  t h e  ? r e s e n t  i n v e s t i g a t i o n  was s 
p r o v i d e d  by t h e  l i a t e r i e l  D i v i s i o n ,  Army A i r  Corps ,  and  h a s  
a  compromise low-drag a i r f o i l  s e c t i o n  w i t h  t h e  minimun 
p r e s s u r e  p o i n t  oil17 a t  40 -pe rcen t  cho rd  i n s t e a d  of  60 o r  
70 p e r c e n t  which i s  c h a r a c t e r i s t i c  of t h e  NACA low-drag 
a i r f o i l  s e c t  i o n s .  With t h e  minimum 2 r e s s u r e  p o i n t  t h i s  
f a r  f o r v a r d ,  i t  would be  e x q e c t e d  t h a t  t h e  p r o f i l e  d r a g  ' 
c o u l d  n o t  be  a s  low a s  t h a t  o b t a i n a b l e  w i t h  t h e  b e s t  low- 
d r a g  s e c t i o n s .  
APPARATUS AND TESTS 
The a i r 9 l a n e  w i t h  s h i c h  t h e  t e s t s  were  nade  i s  a lov -  
ming, s i n g l e - e n g i n e  monoplane.  ( S e e  f i g .  1 . )  I t  h a s  a 
g r o s s  we igh t  of a b o u t  7800 pounds ,  a  wing span  of abou t  
37 f e e t ,  and  a  ming a r e a  of a b o u t  266  s q u a r e  f e e t .  
Wake s u r v e y s  mere made by means of a  r a k e  shown i n -  ) 
f i g u r e  2 mounted S e h i n d  a wing s e c t  i o n  l o c a t e d  a t  a b o u t  
16  i n c h e s  o u t b o a r d  of t h e  i n b o z r d  end of t h e  a i l e r o n .  (See  
f i g .  3 . )  T h i s  win; s e c t i o n  h a d  a  cho rd  of abou t  66.25 
i n c h e s  and  a  maximum t h i c k n e s s  of a b o u t  13.5 p e r c e n t  a t  40- c, 
D e r c e n t  c h o r d .  The o r d i n a t e s  of t h e  t e s t  s e c t  i o n  measured 
r e l a t i v e  t o  a n  a r b i t r a r i l y  chosen  c h o r d  a r +  g i v d n  i n  t a b l e  I .  
P r o f i l e - d r a g  t e s t s  h a v e  been  conduc ted  on t h e  f o l l o w -  
i n g  s u r f a c e  c o n d i t i o n s  of t h e  n i x g  s e c t  i on :  
(1) U n f i n i s h e d  
( 2 )  F a c t o r y  f i n i s h e d  
( 3 )  E'actory f i n i s h e d  and  m o d i f i e d  by s a n d i n g  t h e  
i n s i g n i a  
(4 )  Sraoothened and  f a i r e d  by f i l l i n g  and  s a n d i n g  
( 5 )  C o n d i t i o n  ( d )  w i t h  p r o t u b e r a n c e s  a t t a c h e d  t o  f i x  
t r a n s i t  i o n  
I n  t h e  u n f i n i s h e d  c o n d i t i o n  t h e  t e s t  s e c t i o n  was r e l -  
a t i v e l y  f r e e  froiii l a r g e  s u r f a c e  i r r e g u l a r i t i e s .  I t  d i d ,  
however ,  h a v e  i n s i g n i a  p a i n t e d  on t h e  u-oper and  l o n e r  su r -  
f a c e s  ( s e e  f i g .  4 )  and  a  g e n e r a l  u n f a i r n e s s  of s u r f a c e  a s  
s h o ~ n  i n  f i g u r e  4 which p r e s e n t s  a n  i n d e x  of s u r f a c e  wav- 
i ~ i e s s  a s  measured wi t l i  a  c u r v a t u r e  gage  shown i n  f  i g u r e  , 5 ,  
5he l e a d i n g  edge of t h e  i n s i g n i a  i n  t h e  p l a n e  of t h e  s u r -  
vegs  was l o c a t e d  a t  a b o u t  2 0 - p e r c e n t  cho rd  on t h e  u p p e r .  
and  lower  s u r f a c e s  and had  a  b u i l t - u p  edge of abou t  0 . 0 0 5  
i - lch.  The' l ower  s u r f a c e  had a  l a r g e  r i d g e  a b o u t  0 .02  i n c h  
h i g h  r e s n l t i n g  f rom a  p o o r  s k i n  j o i n t  and extend-ing o v e r  
a  l a r g e  p o r t i o n  of t h e  span .  
The f a c t o r y  f i n i s h  was a g p l i e d  t o  t h e  wing s u r f a c e s  
by t h e  m a n u f a c t u r e r f s  r e g r e s e n t a t i v e  who u s e d  t h e  f o l l o w -  
i n g  p r o c e d u r e .  The p a i n t e d  i n s i g n i a  on t h e  wing were 
f i r s t  s ~ n d e d  a n d  a  c o a t  of p r i m e r  a p p l i e d  t o  t h e  wing s u r -  
f a c e s .  T h i s  was t h e n  f o l l o w e d  v i t h  a n  a p p l i c a t i o n  o f ' t w o  
o r  t h r e e  c o a t s  of f i l l e r ,  a f i l l i n g  of seams w i t h  s g o t  
~ u t t y ,  and  a  g e n e r a l  s a n d i a s .  Anot3er  c o a t  of f i l l e r  was 
n e x t  a n n l i e d  and sanded .  T h i s  mas f o l l o w e d  w i t h  e c o a t  
of a lun inum p a i n t  and  t h e  p a i n t i n g  of i n s i g n i a .  The f i n a l  
f i n i s h  was g i v e n  by s p r a y i n g  on two c o a t s  of c l e a r  l a c q u e r  
and  s a n d i n g  l i ~ h t i y .  
With t h e  f a c t o r y - f i n i s h e d  s u r f a c - e ,  t h e  t e s t  s e c t i o n  
s t i l l  h a d  n e a r l y  t h e  same s u r f a c e  i r r e g u l a r i t i e s  ( s ee ,  f i g .  
4 )  a s  t h e  u n f i n i s h e d  s u r f a c e .  Some improvement of t h e  
s u r f a c e  c o n d i t i o z ,  however ,  was o b t a i n e d  i n  t h e  f a i r i n g  
of seams and  r i v e t s .  F u r t h e r  i ~ n p r o v e n e n t  i n  t h i s  s u r f a c e  
c o n d i t i o n  was o b t a i n e d  w i t h  t h e  f a i r i n g  of t h e  i n s i g n i a  
e d g e s  by s a n d i n g .  
The b e s t  s u r f a c e  c o n d i t i o n  t e s t e d  was t h a t  w i t h  l o c a l  
s u r f a c e  waves and  i r r e g i ~ l a r i t  i e s  snoothened" 'hnd f a i r e d .  
TCis  improved s u r f a c e  c o n d i t i o n  shown i n  f i g9 , r e  4 was ob- 
t a i n e d  by a p p l y i n g  e i g h t  c o a t s  of f i l l e r  by means of a  kn i f ,e  
t o  a t h i c k n e s s  of a b o u t  0 .040 i n c h  and  t h e n  s a n d i n ~ ,   sing 
l o x g  s a n d i n g  s t r o k e s  p a r a l l e l  t o  t h e  c h o r d .  T h i s  t n e n ' g a s  
fo l lomeG by l o c a l  f i l l i n g  and s a a d i n g  t o  remove s u r f a c e '  
waves.  F i n a l l y ,  two c o a t s  of a l u m i n u s  p a i n t  and  two c o a t s  . 
of c l e a r  l a c o u e r  n e r e  a p p l i e d  and  sanded  i g h t l y .  These  
l a t t e r  c o a t s  of p a i n t  and  l a c q u e r  mere ap ,Aied  & o n l y  t o  a l -  
low t h e  t e s t  s e c t i o n  t o  b l e n d  i n  n i t h  t h e  c o l o r  scheme of 
t h e  r e m a i n d e r  of t h e  wing. 
iP 
b 
I n  o r d e r  t h a t  some i n f o r m a t i o n  may be o b t a i n e d  a s  t o  
t h e  e f f e c t  of f i x e d  t r a n s i t i o n  on t h e  ~ r o f  i l e - d r a g  c o e f f  i- 
c i a n t  of t h c  f i n a l  i r n p r o v ~ d  s u r f a c o ,  two t e s t s  were made 
m i t h  s t r i p s  of t a p 2  0.018 i n c h  t h i c k  and  abou t  5 f e e t  l o n g  
a t t a c h e d  t o  t h e  u g p e r  ar,d loqver s u r f a c e s .  in one t e s t  t h e  
backward movement of t r a n s i t  i o n  mas l i m i t e d  t o  1 5 - ~ e r c e n t  
cho rd  on t h e  uTper  and  l o v e r  s u r f a c e s  and i n  t h e  o t h e r  t o  
3 0 - p e r c e n t  cho rd .  
I 
1 
I A l l  of  t h e  t e s t s  mere made a t  a  p r e s s u r e  h l t i t u d e  of 10,OGO f e e t  and c o v e r e d  a  r a n g e  of i n d i c a t s d  a i r s p e e d s  
I f r o m  abou t  190 t o  340 m i l e s  p e r  h o u r ,  t h e  l a t t e r  s p e e d s  
i b e i n k  oootained i n  s h a l l o ~ v  d i v e s .  T h i s  r a n g e  of speeds  
I 
c o r r e s ~ o : ~ d e d  t o  a  r a n g e  of a i r 2 l a i i e  l i f t  c o e f f i c i e n t s  f rom 
I a b o u t  0 . 3 6  t o  0 . 1 1 ,  Beyno lds  numbers f rom a b o u t  9 ,000 ,000  
t o  1 6 , 0 0 0 , 0 0 0 ,  and  Mach numbers f rom abou t  0 . 3  t o  0 . 5 .  I n  
I o r d e r  t h a t  comparable  f l i g h t  c o n d i t i o n s  would be  main- 
I t a i n e d  f o r  each  of t h e  t e s t  f l i s h t s  n i t h  d i f f e r e n t  s n r f a c e  . c o n d i t i o n s  of t h e  t e s t  s e c t i o n ,  t h a  a i m l a n e  mas tr immed f o r  e a c h  speed  r u n  and  t h u s  a p p r o x i m a t e l y  t h e  same a i l e r o n  
9 o s i f i o a s  were  k e p t  t h r o u g h o u t  t h e  s e r i e s  of t e s t s .  
I 
I 
1 BESUIJTS BNB D I S ' C U S S i O l J  
i 
R e s x l t s  of t h e  i n v e s t i g a t i o n  a r e  g i v e n  i n  f i g u r e s  6 
I - and '7. . I n  f i g u r e  6 t h e  r e s u l t s  a r e  p r e s e n t e d  f o r  s u c c e s -  
s i v e l y  improved s n r f a c e  c o n d i t i o n s .  A t  a  l i f t  coef  f i c i e n t  
I of 0 . 1 5 ,  c o r r e s p o n d i n g  t o  a maximum speed  i n  l e v e l  f l i g h t ,  
I t h e  p r o f  i l e - d r a g  c o e f f i c i e n t  of t h e  u n f i c i s h e d  t e s t  s e c t i o n  
v a s  0 .0070.  On a g n l y i n g  t h e  f a c t o r y  f i n i s h  t o  t h e  wixg 
I t h e  p r o f i l e - d r a g  c o e f f i c i e n t  mas r educed  by a ~ o u t  0 .0007 ,  
i o r  10 p e r c e ~ i t .  1 3  t h i s  c a s e  t r a n s i t i o n  01: t h e  u-gper s u r -  \ 
I f a c e  may h a v e  been  L i m i t e d  t-o t'he f o r y a r d  edge of t h e  i n -  
s i g n i a  v h i c h  a e r e  l o c a t e d  i n  t h e  p l a n e  of t h e  measurements .  
Upon s a n d i n g  t h e  edges  of t h e  i n s i g n i a  a  f u r t h e r  d e c r e a s e  
of a b o u t  0.00'04 i n  t h e  p r o f  i l e - d r a g  c o e f f i c i e n t  'was r e a l -  
i z e d .  A f . i n a l  r e d u c t i o n  of t h e  p r o f  i l e - d r a g  c o e f f i c i e n t  
of a b o u t  0 .0006  was o b t a i n e d  when t h e  l o c a l  s u r f a c e  waves 
and  o t h e r  i r r e g u l a r i t i e s  mere smoothened and  f a i r e d ,  t h u s  
g i v i n g  a  p r o f i l e - d r a g  c o e f f i c i e n t  of abou t  0 .0053.  A 
, l a r g e  p o r t i o n k f  t h e  l a t t e r  r e d u c t i o n  was p r o b a b l y  due t o  
t h e  improvement of t h e  l ower  s u r f a c e  c o n d i t i o n  a t  t h e  f o r -  
ward r i d g e  (12;-percent c h o r d )  p r o d u c e &  by t h e  b u t t  j o i n t .  
The improvement i n  s u r f a c e  c o n d i t i o n  f rom t h a t  r e p r e s e n t e d  
by t h e  u n f i n i s h e d  t e s t  s e c t i o n  t o  t h a t  w i t h  l o c a l  s u r f a c e  
Naves and  i r r e g n l a r i t i e s  smoothened and f a i r e d  r e s u l t e d  i n  
a  r e d u c t i o n  of p ' r o f i l e - d r a g  c o e f f i c i e n t - o n  t h e  o r d e r  of 
' 2 5  p e r c e n t  of t h a t  of t h e  u n f i n i s h e d  p a n e l .  The minimum 
p r o f  i l e - d r a g  c o e f f i c i e n t  o b t a i n e d  was s l i g h t l y  l e s s  t h a n  
. t h a t  g i v e n  above  f o r  t h e  maximum s p e e d ,  l e v e l  f l i g l ~ t  con- 
d i t i o n ,  t h e  v a l u e  b e i n g  0.0052 a t  a  l i f t  c o e f f i c i e n t  of 
a b o u t  0 .10  and  a  Reyno lds  number of about  1 6 , 0 0 0 , 0 0 0 .  
I t  i s  e s t i m a t e d  t h a t  t h e  o v e r - a l l  d r a g  r e d u c t i o n  r e -  
s u l t i n g  f r o m  a p p l i c a t i o n  of t h e  f a c t o r y  f i n i s h  t o  t h e  wing 
, wopld i n c r e a s e  the,maximum s p e e d  of t h e  a i r p l a n e  by r o u g h l y  
4 m i l e s  p e r  h o u r .  I f  t h e  improvements  t o  t h e  u n f i n i s h e d  
, wing s u r f a c e  s u g g e s t e d  i n  f i g u r e  3 were made, i t  i s  e s t i -  
r ia ted t h a t  t h e  speed  of t h e  a i r p l a n e  may be  i n c r e a s e d  by 
a t  l e a s t  8 m i l e s  p e r  h o u r .  I t  i s  f u r t h e r  s u g g e s t e d  t h a t  . 
a l l  removable  s u r f a c e  p a n e l s  which  canno t  be  f a i r e d  by 
a p p l y i n g  f i l l e r  be made a s  f l u s h  w i t h  t h e  r e m a i n d e r  of t h e  
s i r f a c e  a s  i s  ~ o s s i b l e .  I n  t h e  c a s e  of t h e  p r e s e n t  a i r -  
-plane,  i t  i s  e s t i m a t e d  t h a t  t h e  p r o f i l e  d r a g  of t h e  s e c t i o n  
011 t h e  r i g h t  wing w i t h  ammuni t ion  and  gun d o o r s  i s  i n c r ' e a s e d  
oa  t h e  o r d e r  of 1 5  p e r c e n t  by t h e  l e a d i n g  edges  of t h e s e  
d o o r s .  
I n  f i g u r e  7 t h e  r e s u l t s  a r e  g i v e n  . f o r  t e s t s  v i t h  t r a n -  
s i t i o n  a r t i f i c i a l l y  p roduced .  The d r a g  of t h e  s t r i p s  u s e d  
t o  l i m i t  t h e  backward movement of t r a n s i t i o n  'has  - b e e n  e s t i -  
,ma ted  on t h e  b a s i s  of t h e  r e s u l t s  of r e f e r e n c e  1 and  sub- 
t r a c t e d  f r o m  t h e  r e s u l t s  o b t a i n e d ,  s i n c e  i t  would be  mean- 
i n G l e s s  t o  p r e s e n t  t h e  r e s u l t s  i n  any  o t h e r  form.  The in-  
c r e a s e s  i n  9 r o f i l e - d r a g  c o e f f i c i e n t  shown i n  f i g u r e  7 t h e r e -  
f o r e  r e p r e s e n t  t h e  i n c r e a s e d  s k i n  f r i c t i o n  due t o  p r e m a t u r e  
t r a n s i t i o n .  
Dur ing  one of t h e  r e c o r d e d  t e s t  r u n s  ( i n  t h e  m i d d l e  
P of t h e  speed  r a n g e )  on t h e  t e s t  s e c t i o n  w i t h  t r a n s i t i o n  
l i m i t e d  t o  1 5 - p e r c e n t  cho rd  on t h e  u p p e r  and lower  s u r f a c e s ,  
t h e  s t r i p  f i x i n g  t r a n s i t i o n  on t h e  lower  s u r f a c e  came o f f ,  
s o  t h a t  i n f o r m a t i o n  a t  t h a t  p a r t i c u l a r  speed  was o b t a i n e d  
w i t h  t r a n s i t i o n  l i m i t e d  t o  1 5 - p e r c e n t  .chord on t h e  u p p e r  
a n d  lower  s u r f a c e s  and  t o  1 5 - p e r c e n t  cho rd  on t h e  u p p e r  
s u r f a c e  a l o n e .  The d a t a  s o  o b t a i n e d  were r o u g h l y  e x t r a p -  
o l a t e d  (shown d o t t e d  i n  f i g .  7 )  f o r  t h e  r e m a i n d e r  of t h e  I 
t e s t  f l i g h t  c o n d i t i o n s  by assuming  a  c o n s t a n t  d i f f e r e n c e  
i n  p r o f i l e - d r a g  c o e f f i c i e n t  of t h e  t e s t  s e c t i o n  w i t h  t r a n -  
s i t i o n  l i m i t e d  t o  1 5 - p e r c e n t  c h o r d  of t h e  u p p e r  and lower  
s u r f a c e s  a n d  t o  1 5 - p e r c e n t  c h o r d  on t h e  u p p e r  s u r f a c e  
a l o n e .  
With t h e  backward novemeat of t h e  t r a n s i t i o n  ~ o i n t  
on t h e  u p p e r  and  lower  s u r f a c e s  of t h e  smooth wing l i m i t e d  
t o  3 0 - p e r c e n t  c h o r d ,  t h e  p r o f i l e - d r a g  c o e f f i c i e n t  a t  a .  
l i f t  c o e f f i c i e n t  of 0 .15 ,  c o r r e s p o n d i n g  t o  maximum s p e e d  
i n  l e v e l  f l i g h t ,  was i n c r e a s e d  by a b o u t  d p e r c e n t ;  w i t h  
t r a n s i t i o n  l i m i t e d  t o  1 5  p e r c e n t  cho rd  on t h e  u p p e r  s u r -  
f a c e  a l o ~ i e ,  t h e  p r o f i l e - d r a g  i n c r e a s e  amounted t o  1 6  p e r -  
c e n t ;  w i t h  t r a n s i t i o n  l i m i t e d  t o  1 5 - p e r c e n t  c h o r d  on t h e  
up?er  and  lower  s u r f a c e s ,  a n  i n c r e a s e  of g r o f i l e - d r a g  
c o e f f i c i e n t  of abou t  33 p e r c e n t  i s  i n d i c a t e d  on t h e  b a s i s  
of e x t r 8 - o o l a t i o n .  These  r e s u l t s  i n d i c a t e  t h a t  t r a n s i t i o n  
on t i l e  u p p e r  s u r f a c e  of t h e  smootk wing must b e  o c c u r r i n g  
begond 40 -pe rcen t  cho rd  s i n c e  t h e  p r p f  i l e - d r a g  c o e f f i c i e n t  
i s  s t i l l  a f f e c t e d  by f i x i n g  t r a n s i t i o n  a t  3 0 - p e r c e n t  cho rd .  
The p r o f  i l e - d r a g  t e s t s  oil t h z  compromise. lorn-drag 
wing l e a d  t o  t h e  f o l l o w i n g  c o n c l u s i o n s :  
1. A t  a n  a i r p l a n e  l i f t  c o e f f i c i e n t  of abou t  0,. 1 5  c o r -  
r e s p o n d i n g  t o  maximum speed  i n  l e v e l  f l i g h t ,  a  Reynolds  
number of a b o u t  1 4 , 0 0 0 , 0 0 0 ,  and  a  Mach number of abou t  0 . 5  
t h e  p'rof i l e - d r a g  c o e f f i c i e n t s  o b t a i n e d  may be  summarized 
a s  f o l l o w s :  
Condi t  i o n  of s u r f a c e  P r o f i l e - d r a g  
c o e f f i c i e n t  
( 1 )  Uuf i n i s h e d  0 .0070  
( 2 )  F a c t o r y  f i n i s h e d  0 .0053  ' 
( 3 )  F a c t o r y  f i n i s h e d  and  m o d i f i e d  
bg sar iding i n s i b n i a  0.0059 
( 4 )  Sinookhened and  f a i r e d  33 f i l l i n g  
and s a n d i n g  0 .0053  
2.  B minimum p r o f  i l e - d r a g  c o e f f i c i e n t  of a b o u t  0 .0052  
was r e a l i z e d  w i t h  t h e  f i n a l  smoothened and  f a i r e d  s u r f a c e  
s n d  t h i s  a t  a R e y n o l d s  number of a b o u t  16,000,QOO and  a 
l i f t  c o e f f i c i e n t  of a b o u t  0 .10 which  c o r r e s g o n d s  t o  a 
s h n l l o n  d i v e  a t  a n  i o d i c a t e d  a i r s p e e d  of a b o u t  340 m i l e s  
p e r  h o u r .  
Langley  Liemorial A e r o n a u t i c a l  L a b o r a t o r y ,  
H a t  i o n a l  A d v i s o r y  C o n n i t t e e  f o r  A e r o n a u t i c s ,  
Langley  F i e l d ,  V a .  
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Fibqrc 5.- Sketch shonke surfaco curvature pug2 used to mcasur2 sur- 
fac2 mvi2oss (XP - 51). 
Transition liait~d to 1% 
per surface 
Traisition lilnitod to 15% 
upper mid lotr~r surfac~s 
Transition limitsd to 3@ 
upper e.zd lonor surfacos 
Bir-plans lift cosf f icicnt 
Pi+rc 7.- Profil~ drag results on smoothon~d and fairod tcst soction 
mith fixsd traasitior? (SP - 51) . 
